The oxidation of phenoxatellurine (PT) with conc. H 2 SO 4 was reinvestigated. Two crystalline products, namely [PT 2 ][H 3 O](SO 4 H) 3 (1) and [PT](SO 4 ) (2) were isolated and fully characterized by X-ray crystallography. The structure of 1 features [PT 2 ] 2+ dications giving rise to double-decker structures with two parallel PT layers that arise from dimerisation of two radical cations [PT]˙+. The [PT 2 ] 2+ dications and the hydrogensulfate ions are associated via secondary Te···O interations. The oxonium ion and the hydrogensulfate ions are involved in hydrogen bonding. The structure of 2 comprises ion pairs consisting of [PT] 2+ dications and sulfate ions, which form a 2D coordination polymer. In addition, adjacent sulfate ions in the crystal lattice bind to tellurium atoms via secondary secondary Te···O interations.
Introduction
Let F denote a eld and let V denote a vector space over F with nite positiv pair A, A * of diagonalizable F-linear maps on V, each of which acts on an eigen irreducible tridiagonal fashion. Such a pair is called a Leonard pair (see [13, De A, A * is said to be self-dual whenever there exists an automorphism of the end swaps A and A * . In this case such an automorphism is unique, and called the d
The literature contains many examples of self-dual Leonard pairs. For instan ated with an irreducible module for the Terwilliger algebra of the hypercube (see Leonard pair of Krawtchouk type (see [10, De nition 6.1]); (iii) the Leonard pair a module for the Terwilliger algebra of a distance-regular graph that has a spin m bra (see [1, Theorem] , [3, Theorems 4.1, 5.5]); (iv) an appropriately normalized (see [11, Lemma 14.8] ); (v) the Leonard pair consisting of any two of a modular L De nition 1.4]); (vi) the Leonard pair consisting of a pair of opposite generator bra, acting on an evaluation module (see [5, Proposition 9 .2]). The example (i) is examples (iii), (iv) are special cases of (v).
Let A, A * denote a Leonard pair on V. We can determine whether A, A * is s By [13, Lemma 1.3] each eigenspace of A, A * has dimension one.
i= in an irreducible tridiagonal fashion. If th then the ordering {θ d−i } d i= is also standard, and no further ordering is standard A * . Let {θ i } d i= denote a standard ordering of the eigenvalues of A. Then A, A * is is a standard ordering of the eigenvalues of A * (see [7, Proposition 8.7] ). was later confirmed by cyclovoltammetry (Cauquis and Maurey-Mey, 1973 (Mostaghimi et al., 2019) . Indeed, the aggregation within these layered structures stemmed from SOMO-SOMO interaction between two radical cations [PT]˙+, commonly referred to as pancake bonding (Kertesz, 2019) , but also from significant London dispersion interactions and noncovalent multi-centre bonding between the tellurium atoms.
In this work we reinvestigated the reaction of PT with sulfuric acid. We were now able to isolate and structurally characterize two compounds, namely, [PT 2 
][H 3 O][SO 4 H] 3
(1) and [PT][SO 4 ] (2), that are closely related to Drew's original work (Drew, 1926b) . Following the described procedure, PT was dissolved in concentrated sulfuric acid to give a deep red solution, from which sulfur dioxide evolved. The solution was carefully diluted with water and allowed to stand. After three days, bright red single crystals (1) (Drew, 1926b) . We were able to confirm his observation.
Scheme 1: Lewis formulas of benzodioxine and phenoxatellurine.
However, no single crystals were obtained from any of these intensely blue-violet products. The crystal structure of 1 is shown in Figure 1 . Like [PT 2 ][SbF 6 ] 2 (Mostaghimi et al., 2019) , 1 contains [PT 2 ] 2+ dications with a layered doubledecker structure. The Te-Te bond length of 1 (2.928(1) Å) are slightly larger than those of [PT 2 ][SbF 6 ] 2 (2.897(1), 2.903(1) Å) having two conformers in the asymmetric unit. The degree of folding of the butterfly-structure can be quantified using the fold angle α between the planes defined by the two phenyl rings and the Te and O atoms. The fold angles α of 1 (3.5°, 21.9°) closely resembles values of one conformer of [PT 2 ][SbF 6 ] 2 (3.4°, 20.8°). These very similar structural features strongly suggest that the pancake bonding situation including London dispersion and non-covalent Te···Te interactions are also similar (Mostaghimi et al., 2019) .
The (2.025(2) and 2.100(2) Å) (Beckmann et al., 2003) . The [H 3 O] + ion and the [SO 4 H]ions give rise to rather strong hydrogen bonds, as evidenced by the short O···O donoracceptor distances (2.535(1)-2.644(1) Å, dashed black lines).
Recrystallization of the red crystals (1) from hot water at the air, furnished colorless crystals (2), which were also investigated by X-ray crystallography. The composition of the colorless crystals is [PT][SO 4 ] (2), which is apparently the same material Drew obtained by recrystallisation from glacial acid (denoted VII in his work). The crystal structure of 2 is shown in Figure 2 .
The structure consists of ion pairs alternating [PT] 2+ dications and sulfate ions that build a 1D coordination polymer. The [PT] 2+ dication of 2 is almost planar (fold α = 7.7°). The spatial arrangement of the Te atom is defined by two slightly elongated primary Te···O bonds (2.153(4), 2.249(5) Å; dashed black lines in Figure 2 ) and three secondary Te···O bonds (2.940(4), 2.989(5), 3.099(5) Å; dashed blue lines in Figure 2 ).
Almost 100 years after the discovery that phenoxatellurine (PT) dissolves in conc. sulfuric acid to give intensively colorful solutions (Drew, 1926b) , the nature of one species, namely [PT 2 ][H 3 O][SO 4 H] 3 (1), which is responsible for the red color has been unraveled. A related colorless species, namely [PT][SO 4 ] (2), was also obtained and fully characterized.
X-ray crystallography. Intensity data were collected using a STOE IPDS 2T diffractometer (1) and a Bruker Venture D8 diffractometer (2) with graphitemonochromated Mo-Kα (0.7107 Å) radiation. The structures were solved by direct methods and difference Fourier synthesis using SHELXS-97 implemented in refinement cycle and refined isotropically. Crystal and refinement data are collected in Table 1 . Figures were created using DIAMOND (Brandenburg and Putz, 2006) . Crystallographic data for the structural analyses have been deposited with the Cambridge Crystallographic Data Centre. Copies of this information may be obtained free of charge from The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk) . (Farrugia, 1999) . Full-matrix least-squares refinements on F 2 , using all data. All non-hydrogen atoms were refined using anisotropic displacement parameters. Hydrogen atoms attached to carbon atoms were included in geometrically calculated positions using a riding model and were refined isotropically. The hydrogen atoms attached to the oxygen atoms (expect O15) of 1 were located during the last
